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SUMMARY

DES NO: 0710073
PROJECT NO: N/A
LANDSLIDE ON SR 37, RP 11.4
PERRY COUNTY, INDIANA

A subsurface exploration and evaluation of the subsurface conditions has been conducted at the
location of the Landslide at SR 37 in Perry County, Indiana. The landslide was noted in late 2006/early
2007 at RP 11.4 on the west side of the roadway.

General

Our subsurface investigation included reconnaissance of the project site, coordinating with a
dozer to access the boring locations, surveying, and drilling seven (7) soil borings. The borings drilled
through the existing embankment soil encountered predominantly cohesive soils, characterized as A-6
Clay, Clay Loam, Loam, Silty Clay Loam, and A-7-6 Silty Clay. Gray Clay Shale was encountered at the
termination depth of each boring. Groundwater was found to be as shallow as three (3) feet below

existing grade in some areas.

Slope Stahilitv-Landslid

The landslide was fully developed at the time of our investigation and appeared to stretch from
Station 9+75 to 13+50. Vertical and horizontal movements at the top of the slope at the time of our drilling
were twelve (12) feet and sixteen (16) feet, respectively. The guardrail along the west side of SR 37 has
been destroyed. The base of the landslide was easily identifiable by a toe bulge at an approximate offset of
240 LT of Line SR 37. The sides of the slide were not as easily identified in the brush and trees. With
global stability geometry established, soil strength parameters were altered until a factor of safety of just

less than one was achieved.

Landslide R liati

Based upon the soil conditions and relative cost, we feel that rammed aggregate piers (RAP) will
provide the best solution to the current instability. We recommend RAPs be installed at 25% replacement
density between offsets 125 LT and 95 LT from Stations 9+75 to 13+50. The composite section of RAPs
and soil yields cohesion of 394 psf and an angle of internal friction of 16.6 degrees. It is estimated that 525
to 550 piers, 30 inches in diameter, will be necessary based upon a triangular pattern with a center to center
spacing of 4.75 feet. We have assumed a bench elevation of 465 feet between the 125 and 95 LT offsets on
which to install the piers. Thus, the RAPs will be twenty-eight (28) to thirty (30) feet in length.



SUBSURFACE INVESTIGATION
AND
GEOTECHNICAL RECOMMENDATIONS

INTRODUCTTON

General

This report presents the results of a subsurface investigation for the Landslide Remediation
along SR 37 in Perry County, Indiana. This investigation was performed for the Indiana
Department of Transportation of Indianapolis, Indiana. Authorization to perform this investigation
was in the form of a notice to proceed from Athar A. Khan of the Office of Geotechnical
Engineering at the Indiana Department of Transportation (INDOT) to Alt & Witzig Engineering,
Inc.

The scope of this investigation included a review of geological maps, review of geologic
and related literature, a reconnaissance of the immediate site, subsurface exploration, field and
laboratory testing, and engineering analysis and evaluation of the materials.

The purpose of this subsurface‘ investigation was to determine the engineering
characteristics of the subsurface materials and to provide a remedial design for the landslide and

slope reconstruction.



DESCRIPTION OF SITE

Site Location

The site of landslide is located on the west side of the road at RP 11.4 of SR 37 in Perry
County, Indiana. The nearest intersection is SR 70 located approximately 2 mile to the south. The
western boundary of the site is adjacent to Hoosier National Forest. The site can be found on the
Derby 7.5 Minute Topographic Map in Township 5 South, Range 2 West, Section 22. The location
is depicted on the Site Location Plan provided in Appendix A.

Site Topography and Drainage

The site of the landslide is on the west side of an embankment built to carry SR 37 over a
valley that used to drain to the west-northwest. The embankment is approximately fifty (50) feet
high based upon the cross sections provided by INDOT. The former drainage channel appeared to
be a steep, narrow channel trending to the west-northwest, likely cut directly into the shallow
bedrock.

Ground cover at the site at the time of our investigation consisted of brush and large trees
beyond the guardrail. A portion of the slide exists inside the guardrail and unpaved shoulder of SR
37. The surrounding areas are moderately developed with overhead and underground utilities,
paved roadways and occasional residential and commercial structures.

General Geology

The site is located in the Crawford Upland Section of the Shawnee Hills Natural Region éf
the State of Indiana. The Soil Survey Map of Perry County indicates that the shallow soils over the
project area are mostly residual soils of the Zanesville-Wellston-Gilpin Series derived from the

underlying bedrock.



The bedrock encountered during the borings consisted of gray clay shale of the Raccoon
Creek Group of Pennsylvanian Age. This bedrock unit is comprised of shale, siltstone and

limestone and is very near the ground surface near the site.



FIELD INVESTIGATIONS

Scope

Field investigations to determine the engineering characteristics of the subsurface materials
included a reconnaissance of the project site, drilling seven (7) borings as shown on the Boring
Location Plan (Appendix A), performing standard penetration tests, obtaining soil samples retained
in the standard split-spoon samplers, and obtaining samples of the bedrock through coring. The
apparent groundwater level at the boring locations was also determined. The field investigations
began in late January 2007 and were completed in June 2007.

During the investigation, the weather was partly cloudy to sunny with temperatures ranging
between seventy-five (75) and eighty-five (85) degrees Fahrenheit during the day.

The soil borings were performed with a drilling rig equipped with a rotary head.
Conventional hollow-stem augers were used to advance the holes. Representative samples were
obtained employing split-spoon sampling procedures in accordance with ASTM D-1586.
Bedrock was sampled with wire line NQ2 coring equipment in accordance with ASTM D 2113.
Field Tests and Measurements

Penetration tests. During the sampling procedure, standard penetration tests were
performed at regular intervals to obtain the standard penetration value of the soil. The standard
penetration value is defined as the number of blows a 140-pound hammer, falling thirty (30) inches,
required to advance the split-spoon sampler one (1) foot into the soil. The results of the standard
penetration tests indicate the relative density and comparative consistency of the soils, and thereby

provide a basis for estimating the relative strength and compressibility of the subsurface materials.



Water level measurements.  Groundwater levels measured during drilling and upon
completion of the drilling was found as shallow as five (5) feet in B-6. Most borings were dry to
the termination depth of the borings. The groundwater levels measured from each boring
location are included in boring logs. |

Ground surface elevation. The elevations of the ground surface on the boring logs were
determined by surveying the locations with a total station. The actual elevation values were
determined using the cross section plans provided by INDOT. The ground surfaces reported on
the individual logs are referenced from existing ground surface.

Log of Test Borings. The field data collected during this investigation were recorded on
by the drilling crew and field engineer. A copy of the finalized logs, B-1 through B-7 are
included in Appendix A along with a General Notes page which describes symbols and notations

shown on the boring logs.



LABORATORY INVESTIGATIONS

In addition to the field investigations, a supplemental laboratory investigation was
conducted to ascertain additional pertinent engineering characteristics of the subsurface materials
necessary in analyzing the landslide remediation.

All phases of the laboratory investigation were conducted in general accordance with
applicable AASHTO Specifications and INDOT’s Geotechnical Manual.

The laboratory-testing program included supplementary visual classification on all
samples. Atterberg limit, moisture content, pH, unit weight, and unconfined compression tests,
and grain size analyses were performed on representative soil samples. The results of our testing

are located in Appendix B of the report.



DISCUSSION AND RECOMMENDATIONS

Proiect Descrinti

The project will consist of reconstructing an embankment slope after failures due to slope
instability in Perry County, Indiana. At the time of this report, SR 37 is open and the paved
shoulder immediately adjacent to the landslide has not failed. However, reconstruction of the slope
should take place as soon as possible to avoid further deterioration of the embankment supporting
SR 37. Additional movement of the slope at the top of the embankment would likely encroach onto
the pavement section of SR 37 and would likely force road closure.

In February 2007 INDOT Office of Geotechnical Engineering provided Alt & Witzig
Engineering, Inc. with several cross sections taken along the roadway. These cross sections
depicted the roadway embankment and slide features from a surface topography standpoint. These
cross sections are provided in Appendix C for reference and were used to establish our cross section
used during slope stability analyses. However, it should be noted that over five (5) more feet of
vertical movement has occurred since the original survey of the landslide and the writing of this
report. Therefore, it is recommended that prior to remedial activities, the slide area be surveyed to
provide at least a two-foot contour elevation topographic survey.

The landslide was fully developed at the time of our investigation and appeared to stretch
from Station 9+75 to 13+50. Vertical and horizontal movements at the top of the slope at the
time of our drilling were twelve (12) feet and sixteen (16) feet, respectively (measured at the
subsurface drainpipe location, as shown on the Boring Location Plan). The guardrail along the
west side of SR 37 was well within the landslide mass and has been destroyed. The base of the
landslide was easily identifiable by a toe bulge at an approximate offset of 240 feet LT of Line

SR 37. The sides of the slide were not as easily identified due to the brush and tree coverage.
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The results of our field and laboratory testing were used to model the slope for stability.
Since the location of the failure plane at the top of the slope was evident, we were able to assign
ité location in during our analysis. The exact orientation of the failure plane was changed until a
minimum factor of safety was achieved.

Numerous trials were completed using Purdue University’s PCSTABL along a cross
section through Station 12+50. The cross section showing the soil information can be found in
Appendix C. The soil strength parameters within the zone of failure were derived such that the
factor of safety reduced below one. In summary, the soil within the zone of failure was assigned
a cohesion value of 525 psf, with the failure plane maintained several feet above the bedrock
surface. This scenario was considered accurate for the purposes of our investigation and allowed
adequate information to design the remedial system. The results of the stability analysis can also
be found in Appendix C.

Cause of Tandslide

Some thought was given as to the reason for the landslide at this location. Review of
topographic maps of the area does indicate a significant drainage valley at this location prior to
construction of the embankment. It appears that the embankment soils are sliding along the
former ground surface near the bottom of the slope. This would commonly be due to lower than
anticipated soil shear strengths, lack of slope stability analysis at this location, or improper
benching of the embankment materials during construction. However, the age of the
embankment (over 10 years) is an indication of reasonable stability. It is the location of a utility
that leads us to the likely conclusion as to the reason for the failure.

A subsurface drainage pipe is evident near the center of the landslide. This 4” PVC pipe
at the time of this report terminates through the scarp face near the top of the slope. The concrete

splash pad for this pipe rests nearly twelve (12) feet below on the landslide mass. It is most



likely that the trigger for the landslide was saturated soils near the top of the slope. These
saturated soils increased the driving force and reduced the available shear strength to resist
movement. It is suggested that the underdrain system at the site be inspected for blockage or
leakage. It may be necessary to reroute the outfall location of this drain during reconstruction of
the slope.

Based upon the soil conditions and relative cost, we feel that rammed aggregate piers
(RAPs) will provide the best solution to the current instability and allow INDOT to reconstruct
the slope. Slope stability analyses were conducted with different configurations of RAPs to
determine the location and density that achieved a factor of safety greater than the minimum of
1.25 in an undrained condition. Our analyses are presented in Appendix C. Based upon these
analyses, we recommend RAPs be installed at 25% replacement density between offsets 125 LT
and 95 LT from Stations 9+75 to 13+50. The composite section of RAPs and soil yields
cohesion of 394 psf and an angle of internal friction of 16.6 degrees.

It is estimated that 525 to 550 piers socketed three (3) feet into the weathered shale
bedrock will be necessary. This is based upon a pier diameter of thirty (30) inches with a spacing
of 4.75 feet center-to-center in a triangular pattern. We have assumed a bench elevation of 465
feet between the 125 and 95 LT offsets on which to install the piers. The bottom of pier
elevation is estimated at 435 feet at the maximum offset to 440 feet as the piers near the 95 LT
offset. Therefore, the maximum estimated length of a RAP would be on the order of twenty-
eight (28) to thirty (30) feet.

A sketch of the RAP layout and cross section is provided in Appendix C along with our
analyses. It is recommended that the specialty contractor installing the RAP system verify the

layout and spacing based upon the actual diameter of the stone column to be installed.
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The cut material from this bench should be placed on the downward slope as a buttress
during the remedial work, not on the upward slope from the work area. Furthermore, it is
recommended that runoff from SR 37 be rerouted such that it does not collect on the exposed
slope.

Alternatives

Other options were considered but not detailed in this report. They included a rip rap
filled shear key, a drilled pier wall (possibly with tiebacks), and removal and replacement of the
affected soils. These items were deemed either too expensive or further lowered the factor of
safety of the embankment. However, should it be desired to explore these or other options,
please contact INDOT’s Office of Geotechnical Engineering.

Embankment Reconstruction Recommendations

After installation of RAPs, it will be necessary to grade the slope to match adjacent and
design grades. The soil materials encountered in our borings can be reused provided proper
moisture contents and densities are achieved. Imported granular materials are not recommended to
reconstruct the slope. Before fill is placed, topsoil or loose soils encountered during earthwork
construction not considered to be suitable embankment material shall be removed.

It is recommended that all soil embankments be compacted to at least ninety-five (95)
percent of their maximum dry density. The moisture content shall be within —2 and +1 percentage
points of optimum moisture content. Maximum density and optimum moisture content shall be
determined in accordance with AASHTO T 99. If the embankment material is too wet or dry, the
material should be aerated to remove any excess moisture or watered and disked until the moisture
content is within the specified range. The placement of embankment material shall be in
accordance with Section 203.23 of INDOT Standard Specifications

Benching will be required as the existing embankment slope is steeper than 4:1. Benching

should be performed in accordance with Section 203.21 of the INDOT Standard Specifications.
11
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A&W INDOT 2006 07INO101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

BORING NO.: B-1
4 4 STRUCTURE NO.:  N/A
CLIENT . INDOT - Geotechnical Section SHEET 1 OF 1
PROJECT  : S.R.37 Landslide DATE STARTED  : 06-25-07
LOCATION  : Tell City, Indiana DATE COMPLETED : 06-25-07
DES NO. : 0710073 PROJECT NO.: SR 37 Landslide A&W PROJECT NO.: 07IN0101
ELEVATION : 502.4 BORING METHOD : HSA HAMMER : Auto
STATION . _12+51 RIG TYPE : B-57 Truck DRILLER/INSP : M.Rose/D. Harness
OFFSET  : 23.5ftLt .
LINE SR 37 CASING DIA. TEMPERATURE : 80 °F
DEPTH : 59.0ft CORE SIZE WEATHER © Sunny
GROUNDWATER: Y While Drilling Dry ¥ At completion Dry Y 18,0 ft After 24 hours
z >|w G
O |y 2 .5
56 |y u e
£ %E SOIL/MATERIAL DESCRIPTION L0 S HE |l 5 qg REMARKS
K SPT OG|ZW|lz
b | 68 52 per 6" Re|30|52 38
1| Brown, Moist, Medium Stiff CLAY A-6(15) (Test
N #1) SS 1 344 | 50189 TEST #1
] 1 LL=38, PL=19, PI=19
57X S5 | 446 | 50 |123[1104 11|PH=669
4049| 7.5 833 434 | 10| 72
1| Brown to Gray, Moist, Medium Stiff to Very Stiff ss
10X CLAY LOAM A-6(10) (Test #2) 7 2-55 | 40 |16.0 TEST #2
] o5 LL=36, PL=21, PI=15
4 A 457 5 |13.2 pH=6.83
15 qx 551 434 | 100
¥y ]
207X SS1 457 | 20 [160
] SS
4774 25 25.0 A 6-7-9 | 100|137
Gray, Moist, Stiff LOAM A-6(5) (Test #3)
] TEST #3
] ss LL=29, PL=17, PI=12
30X o | 368 | 90 |131]1219 518 g
] Ss i,
351X 10 | 61813 [ 100136 Driving on a Rock @ SS10
] Ss
462.4| 40 40.0 1 4-5-8 | 80 |14.0]116.9 6.31
1 | Gray, Slightly Moist, Hard Silty CLAY LOAM TEST #4
11| A Hi h T
1 A-6(11) (Highly Weathered Bedrock) (Test #4) LL=37, PL=23, Pl=14
45X S5 | 18-38-50/3] 80 |11.4 PH=6.65
4544 48.0 RC ,
X1 Dark Gray, Slightly Moist, Soft Clay SHALE I Auger Refusal @ 48.0
50_] (Visual) — —RQD= 100 Begin Rock Coring
11 —140%
1 —1RC
] 2 100
55 [ _"RaD-
H L —133%
i —RC 100
4434 7 50.0 [ | 3 |
60 Bottom of Boring at 59.0 ft QD=
20%
65




ASW INDOT 2006 07INO101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

BORING NO.: B-2
STRUCTURE NO.: N/A
CLIENT : INDOT - Geotechnical Section SHEET 1 OF 1
PROJECT  : S.R.37 Landslide DATE STARTED  : 06-26-07
LOCATION  : Tell City, Indiana DATE COMPLETED : 06-26-07
DES NO. : 0710073 PROJECT NO.: SR 37 Landslide A&W PROJECT NO.: 07IN0101
ELEVATION : 503.8 BORING METHOD : HSA HAMMER © Auto
STATION  :_11+51 RIG TYPE - B-57 Truck DRILLER/INSP : M.Rose/D. Hamess
OFFSET  : 235ft Lt —
LINE SR 37 CASING DIA. TEMPERATURE : 80 °F
DEPTH -7 60.0ft CORE SIZE WEATHER © Cloudy

GROUNDWATER: X While Drilling Dry

! At completion Dry

Y s5.01t After 7_hours

=8 Ylw, | 8| .
2E | 4y u |58 L
E<|&2F SOIL/MATERIAL DESCRIPTION T BIEE| 56 REMARKS
ch = =2| ser | S155|5w|83d
bw | Ha nz| peré" |KRx|=0O|53=2|50
1| Brown, Moist, Medium Stiff CLAY A-6 (Test #1) ss
X A 4-46 | 75 [14.0
5 T 545 | 10
Y 53| 545 | 60 |182
493.8] 107 10.0 SS1 345 | 0 2 Attempts at S34 and SS5
| Brown to Gray, Moist, Medium Stiff to Stiff ss
X CLAY LOAM A6 (Test #2) p 455 5
151X S5 | 346 | 20 [15.1|1142 553
20 ¥ 573 3-4-5 | 100|155
478.8| 257 25.0 SS| 347 | o [156
1 | Gray, Moist, Very Stiff to Stiff LOAM A-6 (Test
11 #3)
301X S| se11 | 75|80
351X 55| 6610 | 75 [19.6(105.4 5.81
40J& S5 456 |60 [127
451X 55| 468 | 75 |166[114.4 285
] SS
4538 50 50.0 3| 11913 | 5 2 Attempts at SS13
1 [ Gray, Moist, Hard Silty CLAY LOAM A6 (11)
4 | (Highly Weathered Bedrock) (Test #4)
¥ 557X 53| 92036 | 75 |12.2
601X 55| o2128 | 100 [15.9]112.0 134
4428 ] 61.0
1 | Bottom of Boring at 60.0 ft
65




A&W INDOT 2006 07INO101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

: BORING NO.: B-3
STRUCTURE NO.: N/A
CLIENT . INDOT - Geotechnical Section SHEET 1 OF
PROJECT . S.R. 37 Landslide DATE STARTED  : 06-26-07
LOCATION  : Tell City, Indiana DATE COMPLETED : 06-26-07
DES NO. . 0710073 PROJECT NO.: SR 37 Landslide AW PROJECT NO.: 07IN0101
ELEVATION : 504.8 BORING METHOD : HSA HAMMER : Auto
STATION - 10+72 RIG TYPE : B-57 Truck DRILLER/INSP : M.Rose/D. Haress
OFFSET  : 22.5ftLt
LINE SR 37 CASING DIA. TEMPERATURE : 80 °F
DEPTH . 60.0ft CORE SIZE WEATHER . Cloudy
GROUNDWATER: Y While Drilling Dry ¥ At completion Dry Y 57.0ft After 2 hours
z >l w G
O o [ o —
SP | w W ulSzl ~lss
E«< 1T —aw > P wl T 2 -
€S| ek SOIL/MATERIAL DESCRIPTION 1O o|bE|-5|8% REMARKS
Eu SPT 55|5m
o) o Wiz
ho | 66 53 per 6" R 28 5=2 38
A Brown, Moist, Medium Stiff to Stiff CLAY A-6 sS
N (Test#1) p 335 | 50 |14.5
59X S| 355 | 60225
4973 ] 7.5 S| 458 | 5 [110
1] Brown to Gray, Moist, Medium Stiff to Very Stiff SS
10X CLAY LOAM A6 (Test #2) A 2-4-6 | 30 [10.9
I SS| 447 | 80 |140
15X 55| 4098 | 60 |60
] SS
484.8| 20 20.0 - 5-5-10 | 50 |20.0
1 | Gray, Moist, Stiff to Very Stiff LOAM A-6 (Test
1| #3)
259 SS| 469 | 60 |185/114.3 4.95
] SS .
307X A 5.7-40 | 60 |10.3{104.0 4.06 Driving on a Rock
469.8| 357 35.0 55| 8911 | 100151
d Gray, Slightly Moist, Very Stiff to Stiff CLAY
1| LOAM A6 (Test #4)
] Ss
40X a7 | 59410 | 50 |60
450.8 457 45.0 $S| s66 | 15|73
| Gray, Moist, Stiff to Very Stiff LOAM A-6 (Test
11 #3)
i Ss
50 X 13 56-8 | 40 |16.1
55 7] 53| 79 | 80 [11.3]1239 489
¥ ]
] Ss
60 7912 | 60 | 165
443.8 | *_Z 61.0 15
i Bottom of Boring at 60.0 ft
]
65




A&W INDOT 2006 07INO101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

p» BORING NO.: B-4
i/

%ﬁ i?f STRUCTURENO.:  N/A
CLIENT : INDOT - Geotechnical Section SHEET 1 OF
PROJECT : S.R. 37 Landslide DATE STARTED  : 06-26-07
LOCATION  : Tell City, Indiana DATE COMPLETED : 06-26-07
DES NO. . 0710073 PROJECT NO.: SR 37 Landslide A&W PROJECT NO.: 07IN0101
ELEVATION : 485.9 BORING METHOD : HSA HAMMER : Auto
STATION  : 12+43 RIG TYPE - CME 45 Skid DRILLER/INSP : J. Sanders/D. Harness
OFFSET  : 70.0ft Lt
LINE SR 37 CASING DIA. TEMPERATURE : 80 °F
DEPTH . 42 5ft CORE SIZE WEATHER . Rain
GROUNDWATER: Y While Drilling Dry Y at completion Dry

> k3]
2% o o chrJ'" i PR 7
SE | w w wisz|l =%~
E < aT auw > gw T|Z.F
<S | &F SOIL/MATERIAL DESCRIPTION g0 olbE|.5|8% REMARKS
gy ] SPT o&lEn@
) (@] wil=
o | o6 52 per 6" R 28 %3 38
] ggc))wn, Moist, Very Soft to Soft CLAY A-6 (Test S13 1-1-12 60 |18.9|101.6 1.57
] 323 2-1-2-4 | 100 [17.3
5 5| 1233 | 60 [134
- 845 1-3-3-3 | 60 Medium Stiff @ SS4
] ss
10] s 2223 | 60 [12.4
. SGS 1-2-1-3 | 60 [17.0
] SS
p— 14.0 7 1-12-2 | 60 | 13.1
15 Brown, Moist, Very Soft to Soft Silty CLAY Ss
“IN LOAM A-6 (Test #5) g | 1-1-1-2 | 30 1206 TEST #5
. ss LL=37, PL=23, PI=14
sor9| ] 180 A 1-1-3-5 | 100 |17.8 pH=6.65
Brown to Gray, Moist, Stiff CLAY LOAM A-6 SS
20N (Test#2) 10 | 4657 | 60 203
25
aseal - 275 53| 356 |100]152
] 4 | Gray, Moist, Hard Silty CLAY LOAM A-6 (Test
i #4)
30
:X 5| 11-22:30 | 100 | 11.6|119.1 6.81
35
449.9 | 36.0 1 s
Gray, Slightly Moist, Hard to Very Stiff Clay | 15-1 1
YN SHALE (Visual) L 113 6 7| 1001136
40 I
| 1SS | 7115 | 100|14.3/1184 114
4434 425 -— 14 -11-15 31118. :
- Bottom of Boring at 42.5 ft
45 ]
50 |




AW INDOT 2006 07INO101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

BORING NO.: B-5
| STRUCTURENO..  N/A
CLIENT : INDOT - Geotechnical Section SHEET 1 OF
PROJECT  : S.R. 37 Landslide DATE STARTED  : 06-25-07
LOCATION  : Tell City, Indiana DATE COMPLETED : 06-25-07
DES NO. : 0710073 PROJECT NO.: SR 37 Landslide A&W PROJECT NO.: 07IN0101
ELEVATION : 485.0 BORING METHOD : HSA HAMMER : Auto
gIT:‘F\;'é)TN : ;g*:)‘:fu RIG TYPE - CME 45 Skid DRILLER/INSP : J. Sanders/D. Harness
LINE T SR37 CASING DIA. TEMPERATURE : 80 °F
DEPTH 42 5t CORE SIZE WEATHER . Sunny
GROUNDWATER: X While Drilling Dry ¥ at completion Dry
z > W G
=0 eyl 8
PE | 4 w YS5El K|z
=S| &k SOIL/MATERIAL DESCRIPTION Lo <ot SlbE|-5|3e REMARKS
o = =X
- oojzWl=z
b e 52 per 6" RE|E3 5= 38
i (B-F'gswtn#1l\;10|st, Medium Stiff to Stiff CLAY A-6 S1S 1-0-4-4 60 | 11.7
- 5| 1665 | 100|122
4790 5] 60 53| 1355 | 100158
] Brown and Gray, Moist, Soft to Very Soft CLAY SS
A\ LOAM A6 (Test #2) 4 | 2222 | 60166
0 353 1-2-2-3 | 60 | 15.3
1 363 14122 | 100 | 17.7
ol 140 S7S 1-12-3 | 100|106
" 15 N Gray, Very Moist, Soft to Medium Stiff LOAM Ss
— A'G (Test #3) 8 1"2-3-3 60 22.6
- Ss -] -
467.0 18.0 g | 3345 |80
Gray, Moist, Medium Stiff to Stiff Silty CLAY 3S
20 TN LOAM A6 (Test #4) 19 | 1546 | 60 | 125
25 |
:X ?? 4-66 | 100|163
i
30 |
4540, 31.0
i (sz?;ltja(?;'ay, Moist, Stiff to Very Stiff Clay SHALE | ?2 9-7.9 | 100|12.7]123.d 6.14
35 ] —
X T 1SS s7e | 100|127
40 —
4425| 25 | 55| 5715 | 100|183
7 47| Bottom of Boring at 42.5 ft
45 |
50 |




AW INDOT 2006 07INO101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

BORING NO.: B-6
STRUCTURE NO.: N/A
CLIENT : INDOT - Geotechnical Section SHEET 1 OF 1
PROJECT : 8.R. 37 Landslide DATE STARTED . 06-26-07
LOCATION : Tell City, Indiana DATE COMPLETED : 06-26-07
DES NO. . 0710073 PROJECT NO.: SR 37 Landslide A&W PROJECT NO.: 07IN0101
ELEVATION : 469.3 BORING METHOD : HSA HAMMER : Auto
STATION  :_12+36 RIG TYPE : CME 45 Skid DRILLER/INSP : J. Sanders/D. Harness
OFFSET : 127.0ft Lt
LINE SR 37 CASING DIA. TEMPERATURE : 80 °F
DEPTH . 39.0ft CORE SIZE WEATHER . Cloudy
GROUNDWATER: X While Drilling Dry ¥ At completion 5.0 ft Y 5.0t After
z > w G
Xlpgel 2 -8
%8 w w WlEz sju
E < e —w > 2w T|Z -
<S | o SOIL/MATERIAL DESCRIPTION oo OlonkE olox REMARKS
[T >0 S= SPT olZz|E=Z|0=
E < <D " wloo|ZzWU[=z0
wu | Bo hZ per6" |RXx|=0|52|350
Gray, Moist, Very Soft to Medium Stiff LOAM SS
SS
465.31 E 4.0 5 2-2-7-7 30 | 95
5 Gray, Moist, Medium Stiff to Soft Silty CLAY SS
T "N LOAM A6 (Test #4) 3 2.5-4-4 0 2 Attempts, No Recovery
4 343 1-2-50/0" | 30 [10.9 Driving on a Rock
i ss
10] 5 2-3-3-4 60 | 17.7|110.1 4.21
] 363 1244 | 60 |15.7
] SS
455.3 | 14.0 [ AA4 7 1-2-34 15
15 Gray, Moist, Medium Stiff CLAY with Shale SSs
__ Fragments (Visual) 8 1-2-4-4 | 80 | 9.9
-t SS - Y=
451.3% 18.0 9 2-3-3-4 | 100 | 11.0
Gray, Moist, Medium Stiff Silty CLAY A-7-6(17) SS
20N (Test#6) 10 | 2556 | 100129 TEST #6
LL=41, PL=22, PI=19
i pH=6.85
25 ]
443.3 | 26.0
Y (Test#4) 11
30 |
4383] ] 310 5| 101820 | 100
~ ] Gray, Moist, Hard Clay SHALE (Visual) I
35 | I
- 1 35| 81420 | 100
T — T1RC Auger Refusal @ 36.0'
i 11 50 |15.6
430.3 | 39.0 —— RQDH
40 Bottom of Boring at 39.0 ft 40%
45|
50 |




A&W INDOT 2006 07IN0101 GINT LOGS.GPJ IN DOT.GDT 8/28/07

LOG OF TEST BORING

: INDOT - Geotechnical Section

BORING NO.: B-7
STRUCTURE NO.: N/A
SHEET 1 OF 1

PROJECT  : S.R.37 Landslide DATE STARTED  : 06-25-07
LOCATION  : Tell City, Indiana DATE COMPLETED : 06-25-07
DES NO. : 0710073 PROJECT NO.: SR 37 Landslide A&W PROJECT NO.: 07IN0101
ELEVATION : 449.9 BORING METHOD : HSA HAMMER : Auto
STATION @ _12+26 RIG TYPE : CME 45 Skid DRILLER/INSP : J. Sanders/D. Harness
OFFSET  : 182.0ft Lt .
LINE SR 37 CASING DIA. TEMPERATURE : 80 °F
DEPTH - 15 5t CORE SIZE WEATHER . Sunny
GROUNDWATER: Y while Drilling Dry ! At completion Dry
z > w S
(@] he [ o R
SE | u. e e
g SOIL/MATERIAL DESCRIPTION T o o|EE| _§|6a REMARKS
iy | =0 == SPT o|l2z|E=Z|o=
= | <w <> " w| oo|zW(z0
ol | o hnZ per6" |Rx|=0(32|50
Brown, Moist, Medium Stiff LOAM A-6 (Test #3)
] 8‘18 1-2-4-5 | 60 |18.1
2.5 |
1 | 0556 | 100|156
445.9 | 4.0
Gray to Brown, Very Moist, Medium Stiff to Very
/I Stiff Silty CLAY LOAM A-6 (Test #4)
5.0 333 1-4-4-6 | 100 | 24.2|119.9 5.39
. SS | 3467 | 100|159(111.1 4.12
7.5 |
X SSS 1-6-7-10 | 100 | 14.5
10.0_| |
JX S| 1568 | 100168
437.9 | 12.0
125 Dark Gray, Moist, Hard Highly Weathered, Clay | _|
/| SHALE (Visual) —
- - — 373 1-924-33| 10 | 13.9
| - —]
15.0_ — 383 1-6-20-17 | 100 | 14.7
4344 | 155 —
ﬂ Bottom of Boring at 15.5 ft Auger Refusal @ 15.5'
175
|
20.0




GENERAL NOTES

SAMPLE IDENTIFICATION

The AASHTO M-145 Soil Classification System is used to identify the soils unless otherwise
noted.
SOIL PROPERTY SYMBOLS

N: Standard "N" penetration: Blows per foot of a 140-pound

hammer falling 30 inches on a 2 inch O.D. split-spoon using rope and cathead

qu: Unconfined Compressive Strength, TSF

Y: Natural Dry Density, PCF

W: Water content, %

LL: Liquid Limit, %

PL: Plastic Limit, %

PL Plasticity Index, %

AV Apparent groundwater level at time noted while drilling

¥ Apparent groundwater level at time noted upon completion of drilling

¥

Apparent groundwater level at time noted 24 hours after completion of drilling

SS: Split-spoon - 1 3/8" LD., 2" O.D., except where noted
ST: Shelby-tube - 3" O.D., except where noted

RC: Rock Core, 2” O.D., Except Where Noted

AU: Auger sample

DB: Diamond bit

CB: Carbide bit

WS: Washed Sample

RELATIVE DENSITY AND CONSISTENCY CLASSIFICATION
TERM (NON-COHESIVE SOIT.S) BLOWS PER FOOT

Very loose 0-5
Loose 6-10
Medium Dense 11-30
Dense 31-50
Very dense 51 or more
TERM (COHESIVE SOILS BLOWS PER FOOT

Very soft 0-3
Soft 4-5
Medium 6-10
Stiff 11-15
Very stiff 16-30

Hard 31 or more



Sheet 1 of 1

Boring | Sample | Depth Textural AASHTO Gravel Sand Silt Clay LL PL Pl LOI Ca/Mg | Moisture pH
Classification Classification % % % % % % %
B-1 ss1 | 1-25 CLAY (Test #1) A-6 (15) 3.1 152 | 450 | 362 38 19 19 18.9
B-1 ss4 | 85-10| CLAY LOA“’;;ZT)eSt #2 (Test A-6 (10) 111 | 153 | 489 | 239 36 21 15 16.0 6.8
B-1 SS9 [28.5-30| LOAM, Test#3 (Test #3) A6 (5) 46 | 272 | 441 | 195 29 17 12 13.1 5.8
B-1 | $S12 [43.5-45|SILTY CLAY LOAM, Test #4 A6 (11) 23 152 | 543 | 282 37 23 14 11.4 6.7
(Test #4)

B4 | SS8 | 14-16 [SILTY CLAY LOAM (Test#5) A6 (14) 1.4 96 601 | 287 34 17 17 206 6.7
B6 | SS10 | 18-20 | SILTY CLAY (Test #6) A-7-6 (17) 46 5.9 547 | 322 41 22 19 12.9 6.9

»4105 West 99th St.
Carmel, IN 46032
Telephone: 317-875-7000
Fax: 317-876-3705

NDOT SUMMARY OF CLASSIFICATION TESTS 07IN0101 GINT LOGS.GPJ IN DOT1.GDT 8/25/07

Alt & Witzig Engineering, Inc.

Summary of Classification Tests

Project: S.R. 37 Landslide

Location: Tell City, Indiana
Number: 07IN0O101




U.S. SIEVE OPENING IN INCHES [
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PERCENT FINER BY WEIGHT
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Alt & Witzig Engineering, Inc.
4105 West 99th Street

“ Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

GRAIN SIZE DISTRIBUTION TEST REPORT

DES #: 0710073

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101

Structure #:

10 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL SAND SILT Clay
coarse | fine
Specimen Identification Classification LL PL PI Cc | Cu
e B-1 §S1 1.0to2.5 A-6 (15) CLAY (Test #1) 38 19 19
X B-1 S§S4 8.5t010.0 A-6 (10) CLAY LOAM (Test #2) 36 21 15
sla| B $S89 28.5 to 30.0 A-6 (5) LOAM (Test #3) 29 17 12
§ x| B-1 SS1213.5 to 45.0 A-6 (11) SILTY CLAY LOAM (Test #4) 37 23 14
§ O| B4 S$S8 14.0 to 16.0 A-6 (14) SILTY CLAY LOAM (Test # 5) 34 17 17
f' Specimen Identification D60 D30 D10 %Gravel | %Sand % Silt %Clay |%Colloid
|| B1 SS1 1.0to25 0.015 3.1 15.2 45.0 36.2
% x| B-1 §S4 8.5t010.0 0.02 0.004 1.1 15.3 48.9 23.9 20.3
é’ Al B-1 $S9 28.5 to 30.0 0.069 0.01 4.6 27.2 441 19.5 17.7
slx| B-1 S$S1213.5 to 45.0 0.044 0.003 2.3 15.2 54.3 28.2
g o| B4 S$S8 14.0 to 16.0 0.027 0.003 14 9.6 60.1 28.7
2




PERCENT FINER BY WEIGHT

U.S. SIEVE OPENING IN INCHES

6 43 215

12

3/8

U.S. SIEVE NUMBERS

HYDROMETER

100 | : [

D
E

Fl

— W

K

6 810 1416 20 30 40 50 60 100140200
| H .

T

95

90

85

80

e

75

70

65

60

55

50

45

A

40

35

30

25

20

15

10

100

10

1

GRAIN SIZE IN MILLIMETERS

0.1

0.01

0.001

COBBLES

GRAVEL

SAND

coarse

l fine

SILT

Clay

Specimen Identification

Classification

LL

PL

PI

Cc

Cu

B-6  SS1018.0 to 20.0

A-7-6 (17) SILTY CLAY (Test #6)

41

22

19

Specimen Identification

D60

D30

D10 %Gravel

%Silt

%Clay

% Colloid

B-6 S$S51018.0 to 20.0

0.012

0.002

4.6

54.7

32.2

NDOT GRAIN SIZE 07IN0101 GINT LOGS.GPJ US LAB.GDT 8/28/07

4105 West 99th Street

“ Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

Alt & Witzig Engineering, Inc.

GRAIN SIZE DISTRIBUTION TEST REPORT

DES # 0710073
Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101

Structure #:




NDOT UNCONFINED TEST 07INO101 GINT LOGS.GPJ US LAB.GDT 8/28/07

COMPRESSIVE STRESS, psf

24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000 /‘

8,000

6,000 /’

4,000 /

2,000

4 12 16
AXIAL STRAIN, %
Boring Sample Depth Classification
B-1 S$S82 3.5-5 CLAY, Test #1
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
12.3 1241 110.5 22184 1.0 15.0
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
11092 64 0.510 35.56 66.04 1.9

Alt & Witzig Engineering, Inc.
4105 West 99th Street
Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101




e

NDOT UNCONFINED TEST 07IN0101 GINT LOGS.GPJ US LAB.GDT 8/28/07

COMPRESSIVE STRESS, psf

11,000
10,000 \
9,000 /
8,000
7,000
6,000
5,000
4,000 /
3,000
2,000 ’/
1,000 /
2 4 6 8 10 12
AXIAL STRAIN, %
Boring Sample Depth Classification
B-1 SS9 28.5 - 30 LOAM, Test #3
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
13.1 135.8 121.0 10350 1.0 10.7
Shear Strength Saturation Void Specimen Specimen Height/Diameter
{psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
5175 92 0.379 35.56 68.58 1.9

& ‘§§

Alt & Witzig Engineering, Inc.
4105 West 99th Street
7 Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317)876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana

Alt & Witzig Project #:07IN0101




Alt & Witzig Engineering, Inc.
4105 West 99th Street

# Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07INO101

14,000
13,000
12,000
11,000
10,000
w 9,000
joR
5
0 8,000
v ,
|_
1))
§ 7,000
)
0
o 6,000
o
% i
O 5,000 /.
4,000
3,000 f
2,000
1,000
4 8 12 16
- AXIAL STRAIN, %
§ Boring Sample Depth Classification
5 B-1 SS11 38.5-40 LOAM. Test #3
3
= Moisture Wet Dry Unconfined Strain Rate Failure Strain
g_. Content (%) Density (pcf) Density (pcf) | Strength (psf) (%) (%)
g 14.0 133.2 116.9 12611 1.0 15.0
c
5 Shear Strength Saturation Void Specimen Specimen Height/Diameter
5 (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
g
E 6305 87 0.428 35.56 68.56 19
5 UNCONFINED COMPRESSION TEST
:
g




COMPRESSIVE STRESS, psf

12,000
11,000 =00
10,000 o
9,000 /ﬁ
8,000 /
7,000 /
6,000
5,000
4,000 ﬂ
3,000
//
1,000
2 4 6 8 10
AXIAL STRAIN, %
Boring Sample Depth Classification
B-2 SS6 13.5-15 CLAY LOAM, Test #2
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) | Strength (psf) (%) (%)
15.1 1315 114.2 11057 1.0 8.9
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
5529 88 0.461 35.56 68.58 1.9

NDOT UNCONFINED TEST 07IN0101 GINT LOGS.GPJ US LAB.GDT 8/28/07

Alt & Witzig Engineering, Inc.

. #4105 West 99th Street
#~ Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101




COMPRESSIVE STRESS, psf

13,000

12,000

11,000

10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

AXIAL STRAIN, %

12

16

Boring

Sample

Depth

Classification

B-2

SS10

33.5-35

LOAM, Test #3

Moisture
Content (%)

Wet
Density (pcf)

Dry

Density (pcf)

Unconfined
Strength (psf)

Strain Rate
(%)

Failure Strain
(%)

19.6

126.0

105.4

11614

1.0

15.0

Shear Strength
(psf)

Saturation
(%)

Void
Ratio

Specimen
Diameter (mm)

Specimen
Height (mm)

Height/Diameter
Ratio

5807

90

0.584

35.56

68.56

1.9

INDOT UNCONFINED TEST 07INO101 GINT LOGS.GPJ US LAB.GDT 8/28/07

&

Alt & Witzig Engineering, Inc.
4105 West 99th Street
“¥" Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073
Project #: SR 37

Structure #:

Landslide

Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101
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5,000

4,500 /

4,000 /./

‘B
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S 3,500
o
|_
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> 3,000
(7))
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4
& 2,500
=
(@)
(@]

2,000

1,500 /
1,000 /
500 /

2 4 6 8 10

AXIAL STRAIN, %

8 Boring Sample Depth Classification

5 B-2 SS12 43.5-45 LOAM, Test #3

g

g Moisture Wet Dry Unconfined Strain Rate Failure Strain
5 Content (%) Density (pcf) Density (pcf) | Strength (psf) (%) (%)

3 16.6 133.4 114.4 5707 1.0 7.8

N Shear Strength Saturation Void Specimen Specimen Height/Diameter
5 (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio

5 2853 97 0.459 35.56 68.58 1.9

At & Witzig Engineering, Inc. UNCONFINED COMPRESSION TEST
s o é105 V}/elstd 99th igggé DES #: 0710073 Structure #:

S armel, Indiana Proiact # 7 lid

: Taepone: (517575709 e

5 Fax: (317) 876-3705 " R

g Alt & Witzig Project #:07IN0101




COMPRESSIVE STRESS, psf

28,000

26,000

24,000

22,000

20,000

18,000

16,000

14,000

12,000

10,000

8,000

6,000

4,000

2,000

4

AXIAL STRAIN, %

Boring

Sample

Depth

Classification

B-2

SS15

58.5 - 60

CLAY LOAM, Test #4

Moisture
Content (%)

Wet

Density (pcf)

Dry
Density (pcf)

Unconfined
Strength (psf)

Strain Rate
(%)

Failure Strain
(%)

15.9

129.8

112.0

26114

1.0

54

Shear Strength
(psf)

Saturation
(%)

Void
Ratio

Specimen
Diameter (mm)

Specimen
Height (mm)

Height/Diameter
Ratio

13057

87

0.490

35.56

60.96

1.7

NDOT UNCONFINED TEST 07IN0101 GINT LOGS.GPJ US LAB.GDT 8/28/07

Alt & Witzig Engineering, Inc.
4105 West 99th Street
" Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101




NDOT UNCONFINED TEST 07INO101 GINT LOGS.GPJ US LAB.GDT 8/28/07

- Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

10,000 ’/,/0
9,000 e
8,000 /‘
7,000
k7]
(o}
o 6,000
w
x
I_
)
]
> 5,000
0
%)
|
i
= 4,000 /
O
O
3,000 ’/
2,000 f
1,000
2 4 6 8 10 12
AXIAL STRAIN, %
| Boring Sample Depth Classification
B-3 SS8 235-25 LOAM, Test #3
|
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) | Strength (psf) (%) (%)
18.5 134.0 114.3 9907 1.0 8.9
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
4954 107 0.460 35.56 68.56 1.9
Al & Witzig Engineering, Inc. UNCONFINED COMPRESSION TEST
4105 West 99th Street DES #: 0710073 Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101




COMPRESSIVE STRESS, psf

R

9,000
8,000 'gh\\'\
.\.
7,000
6,000
5,000
4,000
3,000
2,000 /
1,000
2 4 6 8 10 12
AXIAL STRAIN, %
Boring Sample Depth Classification
B-3 SS9 28.5-30 LOAM, Test #3
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)

10.3 114.7 104.0 8123 1.0 9.3
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) Height (mm) Ratio

4061 46 0.605 35.56 68.56 1.9

NDOT UNCONFINED TEST 07IN0101 GINT LOGS.GPJ US LAB.GDT 8/28/07

i 4105 West 99th Street

7 Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

Alt & Witzig Engineering, Inc.

UNCONFINED COMPRESSION TEST

DES #: 0710073

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101

Structure #:




NDOT UNCONFINED TEST 07INO101 GINT LOGS.GPJ US LAB.GDT 8/28/07

10,000 //‘;\‘\‘\
e

9,000 %

8,000

7,000

6,000

5,000

4,000

COMPRESSIVE STRESS, psf

3,000

2,000

1,000 /./

2 4 6 8

AXIAL STRAIN, %

Boring Sample Depth Classification
B-3 SS14 53.5-55 LOAM, Test #3
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
11.3 137.9 123.9 9774 1.0 7.0
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) Height (mm) Ratio
4887 87 0.347 35.56 68.58 1.9
Al Witzig Engineering, Inc UNCONFINED COMPRESSION TEST
- 4C105 V|Ve|Std 99th iér&e; DES #: 0710073 Structure #:
; armel, Indiana ; . ;
Telephone: (317) 875-7000 Erolet‘."t # TSFE gt"a]”z?“de
Fax: (317) 876-3705 ocation. 1€l Lily, Indiana
Alt & Witzig Project #:07IN0101




NDOT UNCONFINED TEST 07IN0101 GINT LOGS.GPJ US LAB.GDT 8/28/07

ER—

COMPRESSIVE STRESS, psf

3,500
3,000
2,500
2,000
1,500
1,000
500
4 12 16
AXIAL STRAIN, %
Boring Sample Depth Classification
B-4 SS1 0-2 CLAY, Test #1
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
18.9 120.8 101.6 3135 1.0 14.4
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
1568 79 0.643 35.56 68.56 1.9

Alt & Witzig Engineering, Inc.
* 4105 West 99th Street

7" Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana

Alt & Witzig Project #:07IN0101




© 4105 West 99th Street
" Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

Alt & Witzig Engineering, Inc.

DES #: 0710073

Structure #:

Project #: SR 37 Landslide
Location: Tell City, Indiana

Alt & Witzig Project #:07IN0101
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. AXIAL STRAIN, %
§ Boring Sample Depth Classification
’é B-4 SS12 31-325 CLAY LOAM, Test #4
]
g Moisture Wet Dry Unconfined Strain Rate Failure Strain
g_ Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
8 11.6 133.0 1191 13628 1.0 7.0
5 Shear Strength Saturation Void Specimen Specimen Height/Diameter
5 (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
5 6814 77 0.401 35.56 68.58 1.9
A UNCONFINED COMPRESSION TEST
S
5
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- AXIAL STRAIN, %
§ Boring Sample Depth Classification
5 B-4 SS14 41-425 CLAY SHALE (visual)
&
= Moisture Wet Dry Unconfined Strain Rate Failure Strain
g Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
g 14.3 135.4 1184 22717 1.0 7.0
[
5 Shear Strength Saturation Void Specimen Specimen Height/Diameter
3 (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
5 11359 93 0.410 35.56 68.58 1.9
At & Witzig Engineering, Inc. UNCONFINED COMPRESSION TEST
s ) é105 V\I/Gistd 99th iggg DES #: 0710073 Structure #:
< ¢ Larmel, Indiana Project #: SR 37 Landslide
- Telephone: (317) 875-7000 LocJation' Tell City, Indiana
S Fax: (317) 876-3705 o 0
g Alt & Witzig Project #:07IN0101




COMPRESSIVE STRESS, psf
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AXIAL STRAIN, %
Boring Sample Depth Classification
B-5 SS12 31-325 CLAY SHALE (visual)
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) | Strength (psf) (%) (%)

12.7 139.6 123.9 12285 1.0 14.4
Shear Strength Saturation Void Specimen Specimen Height/Diameter
(psf) (%) Ratio Diameter (mm) | Height (mm) Ratio

6142 98 0.347 35.56 68.58 1.9

NDOT UNCONFINED TEST 07IN010t GINT LOGS.GPJ US LAB.GDT 8/28/07
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Alt & Witzig Engineering, Inc.
© 4105 West 99th Street

" Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073 Structure #:
Project #: SR 37 Landslide

Location: Tell City, Indiana

Alt & Witzig Project #:07IN0101




COMPRESSIVE STRESS, psf
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AXIAL STRAIN, %
Boring Sample Depth Classification
B-6 SS5 8-10 CLAY LOAM, Test #4
Moisture Wet Dry Unconfined Strain Rate Failure Strain
Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)

17.7 129.6 110.1 8426 1.0 15.0
Shear Strength Saturation Void Specimen Specimen Height/Diameter

(psf) (%) Ratio Diameter (mm) | Height (mm) Ratio

4213 92 0.516 35.56 68.58 1.9

NDOT UNCONFINED TEST 07INO101 GINT LOGS.GPJ US LAB.GDT 8/28/07

Alt & Witzig Engineering, Inc.
4105 West 99th Street
¢~ Carmel, Indiana 46032
Telephone: (317) 875-7000
Fax: (317) 876-3705

UNCONFINED COMPRESSION TEST

DES #: 0710073
Project #: SR 37

Structure #:

Landslide

Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101
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Alt & Witzig Engineering, Inc.

4105 West 99th Street
Carmel, Indiana 46032

Telephone: (317) 875-7000

Fax: (317)876-3705

DES #: 0710073

Project #: SR 37 Landslide
Location: Tell City, Indiana
Alt & Witzig Project #:07IN0101

Structure #:
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- AXIAL STRAIN, %
8 Boring Sample Depth Classification
5 B-6 SS11 26 -27.5 CLAY LOAM, Test #4
|
g Moisture Wet Dry Unconfined Strain Rate Failure Strain
g Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
g 17.4 132.3 112.7 5849 1.0 8.1
z Shear Strength Saturation Void Specimen Specimen Height/Diameter
5 (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
5 2925 97 0.481 35.56 68.58 1.9
o UNCONFINED COMPRESSION TEST
-
a
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COMPRESSIVE STRESS, psf

4 8 12 16 20

AXIAL STRAIN, %

§ Boring Sample Depth Classification

5 B-7 SS3 4-6 CLAY LOAM, Test #4

] |

g Moisture Wet Dry Unconfined Strain Rate Failure Strain
g Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)

g 24.2 148.0 119.2 10779 1.0 15.0

g Shear Strength Saturation Void Specimen Specimen Height/Diameter
5 (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio

5 5390 162 0.401 33.02 55.88 1.7

Alt & Witzig Englneering, Inc. UNCONFINED COMPRESSION TEST
% . é105 VYelstd 99th Eggg DES #: 0710073 Structure #:

3 7~ Carmel, Indiana . ) )

s " Telephone: (317) 875-7000 Project # SR 97 Lancslde

5 Fax: (317) 876-3705 - Ten LA,

g Alt & Witzig Project #:07IN0101
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COMPRESSIVE STRESS, psf
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2 4 6 8

N AXIAL STRAIN, %
§ Boring Sample Depth Classification
5 B-7 SS4 6-8 CLAY LOAM, Test #4
|
3 Moisture Wet Dry Unconfined Strain Rate Failure Strain
g-_ Content (%) Density (pcf) Density (pcf) Strength (psf) (%) (%)
g 15.9 128.8 111.1 8233 1.0 7.4
0
5 Shear Strength Saturation Void Specimen Specimen Height/Diameter
s (psf) (%) Ratio Diameter (mm) | Height (mm) Ratio
2
q 4117 85 0.502 35.56 68.58 1.9
At & Witzig Engineering, Inc UNCONFINED COMPRESSION TEST
5 é105 V\Ileistd 99th Z‘»ggse; DES #: 0710073 Structure #:
8 armel, Indiana . i .
z Telephone: (317) 875-7000 Project #: SR 37 Landslide
= i Location: Tell City, indiana
5] Fax: (317) 876-3705 L ,
= Alt & Witzig Project #:07IN0101




Sheet 1 of 1
Natural | Moisture o _ |MaxDry| Opt.
Boring | Sample | Depth | Specific Density | Content LOI pH nguyd PI.an.:IC Density | Moisture CBR Void qu Recovery| RQD
Gravity | (pc) | (%) | (%) bimit | Lmit | e | % | 90% | 95% | 1o0% | Ratio | (s | (%)

B-1 SS2 | 35-5 6.69 0.51 11 50
B-1 SS9 |28.5-30 13.1 5.81 29.3 16.5 0.38 5.18 90
B-1 $S11 138.5-40 0.43 6.31 80
B-2 SS6 |135-15 0.46 5.53 20
B-2 SS10 {33.5-35 0.58 5.81 75
B-2 $S12 |435-45 0.46 2.85 75
B-2 $S15 |58.5- 60 0.49 13.1 100
B-3 SS8 {235-25 18.5 0.46 4.95 60
B-3 SS9 |28.5-30 0.61 4,08 80
B-3 SS14 |53.5-55 0.35 4.89 80
B-4 SS1 0-2 0.64 1.57 60
B-4 SS12 [31-325 : 0.40 6.81 100
B-4 SS14 |41-425 _ 0.41 11.4 100
B-5 S$S12 [31-325 0.35 6.14 100
B-6 SS5 | 8-10 0.52 4.21 60
B-6 $S11 [26-27.5 0.48 2.93 100

~

2] B-7 SS3 | 4-6 040 | 539 100

gl B7 | ss4 | 6-8 050 | 412 | 100
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§ Alt & Witzig Engineering, Inc. Summary of SpeCIal Lab Tests

2 74105 West 99th St. Project: S.R. 37 Landslide

5 Carmel, IN 46032

g Telephone: 317-875-7000 Location: Tell City, indiana

3 Fax: 317-876-3705

S Number: 07IN0O101
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AW FENCE 11 X 17 07IN0101 GINT LOGS.GPJ US EVAL.GDT 8/28/07
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Alt& Witzig Engineering, Inc.
4105 West 99th St.

Carmel, IN 46032
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Subsurface Profile along Station 12+50

Project: S.R. 37 Landslide
Location: Tell City, Indiana
Number: 07IN0101




*%* PCSTABLSM *%*

by

Purdue Universgity

--Slope Stability Analysis--

Simplified Janbu, Simplified Bishop
or Spencer s Method of Slices

Run Date:

Time of Run:

Run By:

Input Data Filename:
Output Filename:

Unit:

Plotted Output Filename:

08-28-07
8:31am
David Harness

F:07INO101
F:07IN0101.0UT

ENGLISH

F:07INO101.PLT

PROBLEM DESCRIPTION SR 37 Landslide

Perry County,

BOUNDARY COORDINATES

Indiana

NOTE: User defined origin was specified.
Add -280.00 to X wvalues and 420.00 to Y values listed.

9 Top Boundaries
14 Total Boundaries

Boundary X-Left
No. (ft)
1 30.00
2 39.00
3 40.00
4 54.00
5 98.00
6 185.00
7 195.00
8 245.00
9 247.00
10 30.00
11 100.00
12 155.00
13 210.00
14 210.00

Y-Left

(ft)

16.
18.
20.
20.
27.
61.
55.
72,
80.
10.
19.
17.
35.
35.

X-Right
(ft)

39.
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

00

Y-Right
(ft)

18.
20.
.00
27.
61.
55.
72.
.00
82.
.00
17.
35.
72.
43.

20

80

19

00
00

00
00
00
00

00

00
00
00
00

Soil Type
Below Bnd

WNWWWNRRERR PR e

ISOTROPIC SOIL PARAMETERS



3 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (psf) No.

1 130.0 135.0 525.0 .0 .00 .0 1
2 135.0 140.0 2000.0 .0 .00 .0 1
3 145.0 150.0 8000.0 .0 .00 .0 1

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40
Piezometric Surface No. 1 Specified by 2 Coordinate Points
Point X-Water Y-Water
No. (ft) (ft)
1 30.00 12.00
2 280.00 70.00

Trial Failure Surface Specified By 4 Coordinate Points

Point X-Surf Y-Surf

No. (ft) (ft)
1 98.00 27.00
2 155.00 20.00
3 210.00 37.00
4 245.00 72.00

Factor Of Safety For The Preceding Specified Surface = .961
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AW FENCE 11 X 17 07IN0101 GINT LOGS.GPJ US EVAL.GDT 8/28/07
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Alt & Witzig Engineering, Inc
4105 West 99th St.

Carmel, IN 46032
Telephone: 317-875-7000
Fax: 317-876-3705
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Subsurface Profile STA 12+50 showing RAP Section

Project: S.R. 37 Landslide
Location: Tell City, Indiana
Number: 07INO101




** PCSTABLSLM **

Purdue Biiversity §/op¢ femw/‘%ft/ é/ i#ﬂ

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop
or Spencer s Method of Slices

Run Date: 08-28-07

Time of Run: 8:37am

Run By: David Harness
Input Data Filename: F:7IN101FX
Output Filename: F:7IN101FX.OUT
Unit: ENGLISH

Plotted Output Filename: F:7IN101FX.PLT

PROBLEM DESCRIPTION SR 37 Landglide
Perry County, Indiana

BOUNDARY COORDINATES
NOTE: User defined origin was specified.
Add -280.00 to X wvalues and 420.00 to Y values listed.

7 Top Boundaries
17 Total Boundaries

Boundary X-Left Y-Left X-Right Y-Right Soil Type

No. (ft) (ft) (ft) (ft) Below Bnd
1 30.00 16.00 39.00 18.00 1
2 39.00 18.00 40.00 20.00 1
3 40.00 20.00 54.00 20.00 1
4 54.00 20.00 98.00 27.00 1
5 98.00 27.00 156.00 40.00 1
6 156.00 40.00 245.00 80.00 2
7 245.00 80.00 280.00 83.00 2
8 156.00 40.00 185.00 40.00 4
9 185.00 40.00 243.00 70.00 1
10 243.00 70.00 245.00 80.00 2
11 30.00 10.00 100.00 19.00 3
12 100.00 19.00 155.00 17.00 3
13 155.00 17.00 156.00 40.00 4
14 185.00 40.00 186.00 25.00 4
15 186.00 25.00 210.00 35.00 3
16 210.00 35.00 280.00 43.00 3
17 155.00 17.00 186.00 25.00 3



ISOTROPIC SOIL PARAMETERS

4 Type(s) of Soil

Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (pcf) (psf) (deg) Param. (pst) No.

1 130.0 135.0 525.0 0 .00 .0 1
2 135.0 140.0 2000.0 .0 .00 .0 1
3 145.0 150.0 8000.0 .0 .00 0 1
4 135.0 140.0 394.0 16.6 .00 0 1

1 PIEZOMETRIC SURFACE (S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezometric Surface No. 1 Specified by 2 Coordinate Points

Point X-Water Y-Water

No. (ft) (ft)
1 30.00 12.00
2 280.00 70.00

Trial Failure Surface Specified By 4 Coordinate Points

Point X-gurf Y-Surf

No. (ft) (ft)
1 98.00 27.00
2 155.00 20.00
3 210.00 37.00
4 245.00 80.00

Factor Of Safety For The Preceding Specified Surface = 1.350
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